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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
One of the main objectives is to increase the coverage compared to existing GPRS services. 
In this contribution, simulations have been run according to the agreed simulations framework, see [5], to determine the coverage improvement possible with the EC-GSM candidate. It is concluded that the, by the study, aimed at 20 dB of improved coverage can be reached.
Simulations
Simulation assumptions
Simulations have been run according to the agreed simulation framework for link level simulations, see [5].
This includes for example applying the agreed UL frequency offset model to EC-GSM according to [4], and the candidate specific initial drift from [6].
Some of the parameters are listed in Table 1.
[bookmark: _Ref409870382]Table 1. Simulation assumptions
	Parameter
	Value

	MCS
	EC-BCCH: CS-1
EC-CCCH/D: see [7]
EC-RACH: 11-bit access burst
EC-PDTCH: MCS-1
EC-PACCH: see [8]

	Channel 
	TU

	Mobile speed
	1.2 km/h

	Frequency hopping
	noFH

	Band 
	GSM 900

	Impairments
	Typical RX and TX including frequency drift model presented in [4].

	AFC
	Range of possible frequency offsets 
detected [-100,100] Hz

	Number of transmissions
	EC-BCCH: 16
EC-CCCH/D: 32
EC-RACH: 32
EC-PDTCH: 16
EC-PACCH: see 16

	HARQ transmissions
	EC-PDTCH 4 

	Target Es/N0
	DL: -6.3 dB
UL: -14.3 dB



To facilitate link level simulations the required coverage improvement has been translated into an Es/N0 requirement using the following MCL calculation as baseline;

Where: 
· The output power 
· 
· The  noise figure 
· 
· The thermal noise is defined as , where the simulator bandwidth .
Requiring the MCL to reach 164 dB, see [5], implies that the device shall be able to operate at an Es/N0 of:


One can either use the simulator bandwidth, i.e. the bandwidth over which the used simulator defines Es/N0, or the mobile receiver bandwidth to calculate the thermal noise. If the latter definition is used then the definition of Es/N0, or rather the SNR after receive filtering needs to be corrected accordingly.
Simulation results
FCCH
The FCCH resources on TS0 are re-used and can reach the 20 dB coverage improvement as is shown in [9].
EC-SCH
The EC-SCH is mapped according to [6] and has shown to fulfil the coverage improvement target of 20 dB.
EC-BCCH
The EC-BCCH is using the block format of SACCH as today, see [10], and the logical channel is mapped onto the physical channels as described in [11]
The performance is shown in Figure 1.
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[bookmark: _Ref409947627]Figure 1. EC-BCCH performance.
EC-CCCH/D
The EC-CCCH/D (EC-AGCH, EC-PCH) is designed using a 2-burst block as defined in [7], and the logical channel is mapped onto the physical channels as described in [11].
The performance is shown in Figure 1.
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[bookmark: _Ref409945260]Figure 2. EC-CCCH/D (EC-AGCH, EC-PCH) performance.
EC-CCCH/U
The EC-CCCH/U (EC-RACH) is designed as defined in [12], and the logical channel is mapped onto the physical channels as described in [11].
The performance is shown in Figure 2.
The RACH performance is assuming a RACH without collisions. As has been shown in [12], there are moderate degradations in RACH performance when applying the agreed traffic model in the study, see [5].
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[bookmark: _Ref409945318]Figure 3. EC-CCCH/U (EC-RACH) performance.
EC-PACCH/D
The EC-PACCH/D is designed as defined in [8], and the logical channel is mapped onto the physical channels as described in [11]. The performance is shown in Figure 3.
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[bookmark: _Ref409945846]Figure 4. EC-PACCH/D performance.
EC-PACCH/U
The EC-PACCH/U is designed as defined in [8], and the logical channel is mapped onto the physical channels as described in [11]. The performance is shown in Figure 4.
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[bookmark: _Ref409945869]Figure 5. EC-PACCH/U performance.
[bookmark: _Ref409947475]EC-PDTCH/D
The EC-PDTCH/D is mapped onto the physical channels as described in [11].
For PDTCH up to four HARQ transmissions have been used on top of the blind transmissions. A pessimistic assumption of HARQ retransmission round trip time, have been assumed according to Figure 5. The example is here provided for the PDTCH/U but would apply in the same way on the DL.
Let’s assume 6 MCS-1 blocks are transmitted on the UL implying a report size of up to 122 bytes on top of SNDCP (a report size of 22*6-10 (LLC, SNDCP)). Further assume there is up to 1 TTI waiting time after the reception of a block until a response can be transmitted. It is also assumed that all blocks are always Nacked so that 6 blocks are always transmitted in each HARQ retransmission.  This is not a realistic assumption but makes the calculations simpler and ensures a worst case scenario.
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[bookmark: _Ref409946303]Figure 6. Example RTT for HARQ retransmission.
For example:
The first transmission of 6 blocks (NBLOCKS) using a mapping with 4 TS (NTS) per TDMA frame [11], and in total 16 blind transmissions (NTX), requires 6 TTI. The additional RTT per HARQ transmission would be 9 TTI. TTI in this case is 80 ms since the 16 transmissions are mapped onto 4 TS and 4 BTTI (each BTTI being 20 ms). In total (6+9NHARQ)TTI. If assuming 3 HARQ retransmissions, the total time over which the total transmission is performed is then (6+9*3)*0.08 = 2.64 sec. With an information bit rate on top of SNDCP of 122 bytes, the total bit rate is 370 bps, and hence well above the study item requirement of 160 bps.
It is assumed that a residual BLER of < 1 % shall be fulfilled.
The performance is shown in Figure 6.
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[bookmark: _Ref409945911]Figure 7. EC-PDTCH/D performance.
EC-PDTCH/U
The EC-PDTCH/U is mapped onto the physical channels as described in [11]. 
For PDTCH up to four HARQ transmissions have been used on top of the blind transmissions, see Section 2.2.7.
The performance is shown in Figure 7.
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[bookmark: _Ref409947504]Figure 8. EC-PDTCH/U performance.
Conclusions
Based on the results provided in this paper and in [FCCH] and [SCH] paper, it is concluded that the 20 dB coverage improvement is achieved with 33 dBm device output power and 43 dBm BTS output power. 
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